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(57) Abstract 

A device for repositioning an organ, such as the heart, during minimally invasive surgical procedures includes a pod having a plurality 
of inflatable/deflatable pillows on at least an upper surface thereof, each pillow forming a separately sealed chamber. Each chamber may 
include a separate lumen or supply line in direct communication therewith. Each lumen is in turn connected to a fluid source through 
either a manually or electrically actuatable valve. The valve associated with each supply line permits fluid to be selectively introduced 
into or withdrawn from any number of chambers by manipulating the valves to thereby selectively inflate or deflate the selected chambers. 
Preferably, a pressure sensor is used to monitor the pressure in one or more chambers and means are incorporated to selectively inflate or 
deflate the chambers in response to the detected pressure. 
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DEVICE AND METHOD FOR REPOSITIONING THE HEART 

DURING SURGERY 

Field of the Invention 

This invention relates to a device and method for repositioning an 
organ such as the heart during a surgical procedure and more particularly to a 
selectively inflated pad positioned immediately adjacent to the heart during 
minimally invasive surgery. 
Description of the Prior Art 

In open-heart surgery, such as during bypass surgery, a patient's 
chest cavity is split longitudinally along the sternum and separated to open the chest 
cavity and expose the heart. With the chest cavity open, the surgeon can easily 
grasp the heart by hand and manipulate it into the desired position. Unfortunately, 
opening the chest cavity in the conventional manner is extremely traumatic to the 
patient, requiring lengthy recuperation. 

More recently, minimally invasive surgery (MIS), most usually 
associated with laparoscopic surgery, has been applied to coronary bypass surgery. 
One problem associated with this technique is that the surgeon can no longer 
manipulate the heart by hand resulting in greater difficulty in completing the 
surgical procedure. 
Summary of the Invention 

These and other problems of the prior art are overcome by the 
provision of an organ elevator and manipulator ideally suited for minimally invasive 
heart surgery. According to one aspect of the invention, the heart elevator and 
manipulator includes a pod having a plurality of inflatable/deflatable pillows on at 
least an upper surface thereof, each pillow forming a separately sealed chamber. 
Each chamber may include a separate lumen or supply line in direct communication 
therewith. Each lumen is in turn connected to a fluid source through either a 
manually or electrically actuatable valve. The valve associated with each supply 
line permits fluid to be selectively introduced into or withdrawn from any number of 
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chambers by manipulating the valves to thereby selectively inflate or deflate the 

selected chambers. 

According to a further aspect of the invention, a method of 
manipulating and positioning the heart during minimally invasive heart surgery 
includes forming an aperture in the patient in the vicinity of a patient's heart; 
providing a pod having a plurality of pillows, each pillow forming a sealed chamber 
in fluid communication with a fluid source; providing a valve between each pillow 
and the fluid source to selectively inflate or deflate a selected number of pillows; 
inserting the pod in a rolled state through the trocar; positioning the pod in its 
unrolled state between the body cavity and the heart; and selectively injecting fluid 
into at least one of the pillows to thereby inflate the at least one pillow between the 
heart and body cavity to reposition the heart. The method may also include 
selectively withdrawing fluid from any of the pillows to further position the heart. 
Brief Description of the Drawings 

The invention will now be described with reference to the drawings 

wherein: 

FIG. 1 is a perspective view of a patient during minimally invasive 

heart surgery; 

FIG. 2 is a top plan view of the organ manipulation device according 

to the present invention; 

FIG. 3 is a partial, perspective view of the organ manipulation device 

with the pod in a collapsed, rolled-up state; 

FIG. 4 is a side view of the organ manipulation device in its operative 

position; 

FIG. 5 is a partial, sectional view of the pod of the manipulation 

device taken along lines 5-5 of FIG. 2; 

FIG. 6 is a partial, sectional view of the pod similar to FIG. 5, 

showing a second embodiment of the pod; 

FIG. 7 is a schematic view of a pressure sensor incorporated into the 

organ manipulation device according to the invention; and 
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FIG. 8 is a flow chart of one embodiment of a program for 
controlling the fluid pressure supply to the organ manipulation device. 
Description of the Preferred Embodiments 

In minimally invasive surgical procedures, such as the minimally 
invasive heart surgery shown in FIG. 1, multiple small incisions are made in the 
chest wall for the receipt of surgical instruments. For example, two small incisions 
are made in the chest wall 10 of a patient 12 at different interstitial rib positions, 
while a third incision is made just below the sternum. A first trocar 14 is inserted 
into the first incision at one of the interstices while a second trocar 16 is inserted 
into the second incision at another of the interstices. Preferably, the first and 
second incisions are made on opposite sides of the sternum. A third trocar is 
inserted into the third incision just below the sternum. As best shown in FIG. 4, 
each trocar is conventional and has a boss 22 depending from a flange 20. The 
flange 20 is larger in diameter than boss 22, so that when the trocar is installed by 
pushing the boss through the incision at the interstice between the ribs, the flange 
will rest on the patient's outer epithelial layer of the external integument. The boss 
22 is sufficiently long to fit between the ribs, so that when the trocar is installed, the 
ribs are spread apart. A central aperture (not shown) extends through each trocar 
for the reception of surgical instruments, tubes, etc. Once the trocars are installed, 
conventional devices such as an endoscope, a first surgical instrument, and a 
secondary instrument, as represented generically by the first cannula 24, second 
cannula 26, and third cannula 28, are inserted as needed into the central apertures of 
the several trocars. 

Referring now to FIG. 2, a heart elevator and manipulator 30 for use 
in minimally invasive surgery comprises a pod 32 having a plurality of separately 
inflatable/deflatable pillows 34 spaced over at least the upper surface 36 of pod 32. 
The pod is preferably formed of two separate polymeric layers and sealed at the 
outer peripheral edge 38 and also sealed along partitions 40 to form the several 
individual pillows 34. The layers may be sealed together through any well-known 
technique such as heat-sealing or ultrasonic welding. The pod is sufficiently flexible 
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to permit it to be rolled up as shown in FIG. 3. Each pillow 34 forms a separately 
sealed chamber which is selectively inflatable/deflatable independent of any other 
pillow. The chamber of each pillow is in fluid communication with a fluid supply 
line or lumen 42 extending therefrom. Preferably, the several lumens 42 extend 
from the pod 32 closely adjacent one another and are received in the distal end 41 of 
a conventional cannula 44. The lumens extend through the proximal end 45 of the 
cannula 44 and terminate at a stop-cock valve 46. Valve 46 is a well-known valve 
having a manual actuator 48 to open or close fluid communication between the 
lumen to which it is attached and a conduit 50. The conduit 50 has an internal bore 
sized to receive a common syringe (not shown) or other conventional fluid supply 
source. The valve associated with each supply line permits fluid to be selectively 
introduced into or withdrawn from any number of selected chambers by 
manipulating the valves and syringes to thereby selectively inflate or deflate the 
selected pillow chambers. 

In use, after the trocars have been installed, pod 32 is initially in a 
rolled, collapsed state as shown in FIG. 3. In this position, the rolled pod diameter 
is smaller than the trocar central opening so that the pod is then inserted through 
trocar 18 along with a portion of cannula 44 until the pod is fully received in the 
body cavity. The elasticity of the pod will naturally cause the pod to unroll as it 
clears trocar 18 to an open state as shown in FIGS. 2 and 4. Once the pod is 
unrolled, it is positioned adjacent to the heart, preferably beneath the heart. When 
it is necessary to manipulate or reposition the heart, saline solution, air, or some 
other acceptable fluid or gas is injected from the fluid supply through one or a 
plurality of selected valves 46 to selectively fill one or more of the corresponding 
pillows 34. The pillows can be partially or completely filled to create the desired 
manipulation of the heart. Valves 36 are initially closed and must be opened by 
manipulating actuator 48 before injecting the saline solution. 

As the saline solution is injected into one or more selected pillows, 
the pillows 34 begin to expand between the body cavity and heart 52 to position the 
heart as desired. By selecting the appropriate pillows, the heart 52 can be 
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simultaneously rotated about two orthogonal axes as shown by arrows 54, 56 in 
FIG. 4. Once a sufficient amount of saline solution is injected into the selected 
pillow(s), the valves are again closed to prevent saline leakage. Thus, hydraulic 
pressure from the saline solution in the selected pillows and lumens will keep the 
heart in its new position until the valves are opened and the syringes are 
manipulated. Once the surgery is completed or near completion, the pod 32 can be 
withdrawn by grasping lumens 42 and pulling pod 32 out through the trocar. Pod 
32 is sufficiently flexible to permit its withdrawal through the trocar. The rounded 
outer perimeter 38 of the pod eases the withdrawal through the trocar. 

An alternate method of inserting and positioning the pod 32 in a 
position to manipulate the heart includes rolling the pod sufficiently tight to 
telescopically fit within cannula 44. The cannula 44 and pod 32 are then inserted as 
a unit through the trocar until the unit is positioned between the body cavity and the 
heart 52. The lumens 42 and cannula 44 are then grasped while sliding the cannula 
with respect to the lumens back through the trocar until pod 32 is completely 
exposed. Pod 32 will naturally unroll to the open state. If necessary, saline 
solution can be injected into selected pillows to help the pod unroll. 

As seen in FIG. 5, the pillows of the first embodiment are selectively 
inflated to varying levels to provide extensive control to the surgeon in repositioning 
or manipulating the heart. In this embodiment, the pillows 34 are adapted to expand 

upwardly from the upper surface 36. FIG. 6 shows a second embodiment of the pod 
56 in which the pillows 58 are adapted to expand from both the top and bottom 
surfaces 60, 62, respectively, of the pod 56. In addition to varying the inflation 
level of the pillows, the size of the pillows can be varied so that additional control in 
manipulating the balloon is achieved. 

The pod 32 is shown in FIG. 2 having a generally circular 
configuration. However, it is within the scope of the invention for pod 32 to have 
other configurations including, but not limited to, square, rectangular, oval, crescent 
shaped and "IT shaped. In the embodiments having a crescent or "U" shaped 
configuration, the pod 32 may fit around anatomical features and thereby allow the 



WO 97/40751 PCT/US97/01984 

6 

most efficient positioning of the pod 32. In some cases, the use of the crescent of 
"IT shaped configuration will allow a pod 32 to be used where other shapes could 

not be accommodated. 

Further, it is within the scope of the invention for pillows 34 to have 
varying heights to conform to certain anatomical areas of the heart and to allow 
certain areas of the heart to be moved more than others by contact with specific 
pillows 34. For example, in addition to the embodiments shown, pillows 34 could 
be selectively inflatable in decreasing heights across the face of pod 32. 
Alternately, pillows 34 could be selectively inflatable with a maximum height 
around the peripheral edge 38 of pod 32 and a minimum height near the center of 
pod 32. Conversely, pillows 34 could be selectively inflatable with a minimum 
height around the peripheral edge 38 of pod 32 and a maximum height near the 

center of pod 32. 

In an additional embodiment of the invention seen in FIG. 7, a 

pressure sensor 64 is attached to at least one lumen 42. In one embodiment, 

pressure sensor 64 is attached to lumen 42 at conduit 50 so as not to interfere with 

the presentation of pressurized fluid to lumen 42. Pressure sensor 64 may also be 

placed within a pillow 34 or near a pillow 34 along lumen 42 on pod 32. 

Pressure sensor 64 is electronically attached to a microprocessor 66 
through line 68. Microprocessor 66 is attached to a pressurized fluid source 70 
through line 72. Pressurized fluid source 70, in one embodiment, may be a control 
valve placed between a source of pressurized fluid and lumen 42 so that the control 
valve modulates the fluid pressure supplied to lumen 42 in response to commands 
from microprocessor 66. In an alternate embodiment, pressurized fluid source 70 
may be a pump that is modulated by command signals from microprocessor 66 to 
provide fluid at different pressures to lumen 42. 

In operation, the combination of pressure sensor 64, microprocessor 
66, and pressurized fluid source 70 combine to maintain a near constant pressure in 
lumen 42. Without such a system, as the heart beats, it pushes against a pillow 34 
and increases the fluid pressure within pillow 34. As the pressure in pillow 34 
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increases, pillow 34 becomes more rigid. As a result, the beating heart pushes 
against and away from pillow 34. Therefore, the beating motion of the heart is 
accentuated. 

In use, the system of the combination of pressure sensor 64, 
microprocessor 66, and pressurized fluid source 70 acts to increase or decrease the 
pressure in pillow 34 resulting from the beating motion of the heart to maintain a 
near constant pressure within pillow 34. In this way, as the beating heart pushes 
against a pillow 34, thereby causing an increase in the pressure in pillow 34, the 
pressure is sensed by pressure sensor 64 and is communicated to microprocessor 66. 
Microprocessor 66 detects an increase in pressure in pillow 34 and directs 
pressurized fluid source 70 to decrease the pressure in pillow 34. This allows 
pillow 34 to "give" against the push of the beating heart so that the heart does not 
press against and move away from pod 32. 

Conversely, when microprocessor 66 detects that the pressure 
detected by pressure sensor 64 is decreasing because the beating heart is 
contracting, microprocessor 66 directs pressurized fluid source 70 to increase the 
pressure in pillows 34, thereby more fully inflating pillows 34. This keeps the bulk 
of the heart from moving closer to pod 32. In this way, the beating heart is always 
in contact with pod 32 and is kept in essentially the same position despite the fact 
that the heart is moving while beating. 

FIG. 8 shows a flow chart of a possible program to be run by 
microprocessor 66 to implement the invention described above. In FIG, 8, the 
pressure detected by pressure sensor 64 is presented to microprocessor 66. The 
program begins at start block 74. From start block 74, the program moves to 
decision block 76. 

Decision block 76 asks whether the pressure currently sensed by 
pressure sensor 64 is the same as a set pressure. The set pressure may be an 
average pressure of the actual pressures sensed by pressure sensor 64 over time or 
may be a predetermined pressure. If, in decision block 76, the pressure currently 
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sensed is the same as the set pressure, the program loops to the start block 74 to 
begin the program again. 

If, in decision block 76, the pressure currently sensed is not the same 
as a set pressure, the program passes to decision block 78. Decision block 78 asks 
whether the pressure currently sensed by pressure sensor 64 is higher than the set 
pressure. If the answer is yes, the program passes to process block 80 which directs 
the pressurized fluid source 70 to decrease the fluid pressure sent to pillow 34. The 
program then passes to start block 74 to begin the program again. 

If, in decision block 78, the answer is no, that is, the pressure 
currently sensed by pressure sensor 64 is not higher than the set pressure, the 
program passes to process block 82. Process block 82 directs the pressurized fluid 
source 70 to increase the pressure sent to pillow 34. The program then passes to 
start block 74 to begin the program again. 

The preferred application of the manipulation device according to the 
invention is for use in minimally invasive heart surgical procedures. However, 
those skilled in the art will understand that the manipulation device according to the 
invention can be used in any surgical procedure, minimally invasive or 
conventional, in which selective control or manipulation of an organ or tissue is 
desired. For example the manipulation device could be adapted for use in 
laparoscopic surgical procedures. 

While the invention has been described with reference to its preferred 
embodiment, many modifications may be made to adapt a particular situation or 
material to the teaching of the invention without departing from its essential 
teachings. For example, a single pillow or any number of pillows may be formed 
on the pod. In addition, pillows may be formed on one or both sides of the pod. It 
will therefore be understood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements thereof without departing 
from the true spirit and scope of the invention as defined by the appended claims. 
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The embodiments for which an exclusive property or privilege is 
claimed are defined as follows: 
Claims 

1 . A manipulation device comprising a pod having a first surface 
and a plurality of selectively inflatable chambers provided on the first surface, a 
plurality of fluid conduits each having a proximal end and a distal end, the proximal 
end of each conduit being fluidly connected to a fluid supply source and the distal 
end of each conduit being fluidly connected to at least one of the plurality of 
chambers whereby the plurality of chambers are selectively inflatable by means of 
fluid introduced therein from the fluid supply source by way of the plurality of fluid 
conduits. 

2. A manipulation device according to claim 1 wherein each of 
the plurality of fluid conduits is fluidly connected to a respective one of said 
plurality of chambers so that each chamber can be independently inflated with fluid 
supplied by way of the respective fluid conduit. 

3. A manipulation device according to claim 2 wherein a valve is 
provided in each fluid conduit to control the flow of fluid therethrough. 

4. A manipulation device according to claim 1 wherein a valve is 
provided in each fluid conduit to control the flow of fluid therethrough. 

5. A manipulation device according to claim 1 wherein the 
manipulation device comprises a second surface opposed to the first surface and the 
plurality of selectively inflated chambers are provided on both the first and second 
surfaces. 

6. A manipulation device according to claim 1 wherein the pod 
comprises first and second layers attached to one another in a manner to define the 
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selectively inflated chambers, the first layer being formed from elastomeric 
material. 

7. A manipulation device according to claim 1 wherein the 
perimeter of the pod is substantially circular. 

8. A manipulation device according to claim 1 and further 
comprising a pressure sensor fluidly connected to at least one of said plurality of 
fluid conduits. 

9. A manipulation device according to claim 8 and further 
comprising a microprocessor electrically connected to the fluid supply source and 
the pressure sensor, the microprocessor being adapted to control the fluid supply 
source in response to the pressure level detected by the sensor in the fluid conduit. 



10. A method of manipulating a body organ during a surgical 

procedure comprising the steps of: 

providing a source of fluid; 
forming an aperture in the body; 
20 providing a manipulation device comprising a pod having a 

first surface and a plurality of selectively inflatable chambers provided on the first 
surface, a plurality of fluid conduits each having a proximal end and a distal end, 
the proximal end of each conduit being fluidly connected to the source of fluid and 
the distal end of each conduit being fluidly connected to at least one of the plurality 
25 of chambers, whereby the plurality of chambers are selectively inflatable with fluid 

from the source of fluid by way of the plurality of fluid conduits; 

inserting the pod in the body by way of the aperture; 
positioning the pod inside the body adjacent to the organ to be 

manipulated; 
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selectively providing fluid under pressure from the source of 
fluid to at least one of the chambers to inflate said at least one chamber; 

whereby the inflation of the chamber results in movement of 
the organ relative to the pod. 

11. A method of manipulating an organ according to claim 10 
wherein the aperture is formed pursuant to a minimally invasive surgical procedure 
and the pod is inserted through the aperture in a retracted state and then transformed 
to an expanded state after the pod is received inside the body cavity. 

12. A method according to claim 1 1 and further comprising the 
step of providing a valve in at least one of said fluid conduits, the valve being 
adapted to control the flow of fluid between the source of fluid and the chambers. 

13. A method of manipulating an organ according to claim 10 and 
further comprising the step of providing a pressure sensor in fluid communication 
with at least one of said plurality of fluid conduits and measuring the fluid pressure 
present within the at least one fluid conduit. 

14. A method according to claim 13 and further comprising the 
steps of selectively venting fluid from said at least one fluid conduit or supplying 
fluid thereto from the source of fluid in response to fluid pressure as detected by the 
pressure sensor. 
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